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1„0  SUMMARY 

Octave  Band  analyses  of  the  noise  spectra  of  Pulse- 
Jot  engines  have  been  made  for  the  I'ollowing  purposes: 

1,  Eiigine  sizes  from  5“  to  IP,/*’  In  diameter  have  been 
studied  to  determine  the  Influence  of  enpine  size 
and  rate  of  fuel  flov  -apoa  the  noise  speotrm, 
operating  freqtiency  and  thrust. 

2,  Hoise  Control  configurat 3 ons  hax'e  bsen  tested, 

Including  twin  engines  In  parallel  configuration 

with  nn  acoustically  treated  cowl  .':^round  the  ta.llpip'-s j 
twin  engines  in  opposed  configuration^  a single  eneine 
with  an  Intopra.l  acoustic  filter,  and  two  typos  o''f 
serrated  tailpipe. 

The  present  data  indicates  that  pover  input  (oiigine 
Size  and  rate  of  fuel  flow),  is  not  the  controlling  factor 
in  noise  output*  Thei'e  is  a strong  indication  that  the  high 
frequency  portion  of  the  noise  spectrum  is  controlled  largely 
by  the  velocity  of  tho  gases  issuing  fron  t)va  tailpipe. 
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2.0  I K T F .. p D U C T T 0 

This  i-epoTt  desc^’ibes  work  accomplished  on  item 
1.5  o.f  /Siihlhit  A,  Siappleraentary  Agreement  No,  5 of  Contract 
AF33  (600)-y'3ft0  doxring  the  month  of  February,  195'^+ .■ 

This  is  the  fifth  report  to  be  STibrnitted  describ- 
ing the  dovelop-ment  of  noise  control  and  the  use  of  the 
Pulae-Jct  Anal.Of. . The  report  ■[  s submitted  by  the  American 
Hoilcopter  COe^  Inc,,  describing  the  study  program  being 
conauctfid  by  Paa.l  S,  Veneklasen,  Consultant  in  Acoustics, 

The  work  was  carried  out  and  is  rej^orteu  by  Paitl 
S.  Veneklason  and  staff  member?  Q,  F,  Brockett  and  M,  Berwick 
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m h-s. 

<»»»**.  \j^r<  .A'  I • uit^t. 
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FAG'S  ^ < 


All  the  noise  studies  reported  herein 
were  made  with  Octave  Band  anaiy.sing  squipynent 
consisting  of  the  V/estern  Electro-Acoustic 
Laboratory  IGOOB  Sound  Analyaor  •-rhlch  uses  the 
Western  Electric  6^AA  Condenser  Microphone,  In 
all  cases  the  noise  history  of  an  engine  run  was 
recorded  on  an  Ampex  350  Magnetic  Tape  Htscerder , 

The  recordings  were  fflade  on  continuous  tape  reels. 
For  analysis  purposes,  the  tape  isay  be  retained  in 
reel  form  or  tape  loops  may  be  cut  out  and  played 
continuously . In  this  manner  it  is  possible  to 
choose  an  appropriate  abort  steady  period  of  noise 
out  of  a run  which  may  be  either  too  short  or 
v&riapla  for  manuai  analysis.  It  is  clear  that 
the  tape  recorder  is  used  only  as  a storage  device. 
Its  calibration  and  equalization  can  be  adjusted 
vary  accurately  and  with  this  quality  machine,  can 
be  counted  on  for  stability  over-  long  periods  of 
time.  In  using  tape  loops  for  analysis  purposes, 
considerable  caution  must  be  exercised  to  Insure 
that  the  tape  loop  Is  played  back  under  identical 
tension  conditions  as  when  recording,  so  as  to 
aaii'iur-a  faithful  reproduction  of  frequency,  Propo: 
racllities  have  been  added  to  this  equipment  for 
this  purpose.  The  fundamental  operating  frequency 

« V *1  •*  tvA ff® '» «» ^ I**  ^ s 1,^  • » » ,„  e •?  i*.  y 

aUu  hrU.  ou  .or 

All  these  noise  analyses  were  made  with 
the  engines  meimted  on  a static  test  stand  within 
the  partial  enclosure  which  is  ue*5d  for  noise 
control  and  was  described  In  RK-23,  Figure  1 shows 
th©  6.75'*  engine  mounted  on  a teat  stand  and  is 
representative  of  the  mounting  of  all  engines  used 
In  these  tests. 


Keretofers  when  it  has  been  r^jcessary  to 
make  caioulations  of.  expected  noise  from  ?ulse»Jet 
aiigines,  we  have  been  obliged  to  extrapolate  data 
fi’ojr  vsi^y  limited  expex'ience  with  various  sizes  of 
engines,  ‘It  nas  been  assumed  that  noise  output 
would  l-v  proportional  to  rats  of  fuel  flow,  that 
is,  to  power  Iriput.  The  following  study  shows  that 


^metmsn  hsfsc^fptsr  es.  me. 
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PAfeS  ? » 


this  as3\iraption  is  far  from  tru-^  aiid  dett'.oriGt-‘>'ates 
clearly  certain  other  facters  wliich  are  apparently 
of  much  greater  Importance  in  noise  prodiiction  hy 
,iet  propulsion  devices,.  All.  measurements  of  noise 
spectra  here  reported  vere  made  at  a distanco  of 
three  feet  from  the  center  line  of  the  engines  on 
a perpendicular  iniavay  along  their  length,  except 
for  tns  12,5'^’  engine, 

1,2,1  The  6.?5*-  Standard  Single  Shell  hnr.ine 


Most  of  our 
nection  with  the  noise 
usea  a single  shell  6. 
tube  lon;gth  of  3^  inch 
deference  to  thlc  prev 
to  this  as  a “standard 
output  spectrum  of  thi 
Figure  S for  several  d 
lions  a It  w’ill  be  not 
rate  of  fuel  flow  the 
erabiy  reduced,  wiiorea 
fuel  flow  over  a consl 
very  little  change  in 


earlier  stuoies  in  con- 
control  program  nave 
■?5“  engine,  which  has  a 
os.  It  is  only  in 
ious  work  that  wo  refer 
” engine.  The  noise 
s engine  is  shown  in 
ifferent  fuel  flow  condi- 
e-ci  that  for  the  lowest 
noise  spectrunj  is  eonsid- 
E for  higher  valuer,  of 
dr  radio  range  tMre  1? 
spectrum  iavel. 


This  en,gim  is  identical  with  the 
standard  engine  except  for  the  tailpipe  which 
J.S  ^ » ‘j  and  increasui  the 

length  to  inenss.  Figure  3 shows  noise 
spectra  for  three  dif.fe:rQixt  fnol  flow  rates. 
Values  of  ti'irust  and  r>pepat?^ng  f.requ.ency  fov 
various  fuel  flows  sre  given  with  each  flgx.u'e. 

figurG  4 preserxts  the  noise  spectra 
for  this  engine  with  appropriate  rates  of  fuel 
flow.  Again,  the  trend  from  a low  value  of 
noise  production  at  low  fuel  flow  rate  tc 
considerably  higher  valvxes  over  a large  range 
of  higher  fuel  flow  rates,  is  iffost  evident 
with  this  englna. 


0 h 


IhlK  eng  1.(10  is  lik«  the  previous  one 
except  for  an  additional  conical  shell  which 
•is  shown  In  Figure  5.  6 ..uv-rs  the 


noise  spectra  for  this  engine. 

:i.2.5  The . 

yigirre  7 shows  noise  spectra  for 
foxxr  different  fuel  flows.  This  data  shows 
the  largest  variation  in  high  frequency  xioise 
scor’tru/u.  as  a fujiclion  'of  fuel  flow,  which 
has  yet  hoen  lioanrt  for  a Pulse- Jet  Gi.u';.!  no , 

Note  in  contrast  how  small  the  variation  is 
in  the  lowei"'  hands.  It  is  also  ixitsrestlng 
to  note  the  extreme  variation  in  operating 
frequency  which  acconipanies  changes  in  fxiel 
flow  in  this  engJ.ne.  This  is  one  reason  x^or 
the  peculiar  hehavior  of  the  noise  spectra  in 
the  first  two  low  froqixency  baxids,  ■boccuic  the 
fundamexital  trcquency  actually  moves  fx-OKi  one 
. band  into  another.  It  would  be  more  illuwin- 

j a ting j although  it  does  not  at  the  moment 

j seem  -worthwhile,  to  ar^alyze  these  xioise 

i spectra  in  more  detail  so  as  to  determine 

i the  levels  of  the  prominent  harmoxiic  compoxx- 

j ents  which  constitute  the  low  freqxiency  portioxi 

I of  a Pdilse-Jet  noise  spectrum.  It  should  be 

i pcij-i'csci  o’ut  that  this  eegine  vas  -meHsured  at 

i H distance  of  six  feet.  In  view  o-f 

} difficulties  of  starting  this  engine  and  the 

I expectation  of  considerably  higher  levels  tnan 

I were  actually  produced,  it  was  not  considered 

j safe  to  leave  the  microphone  :ln  its  usual 

1 fixed  positlorxif  thorsfore  the  microphone  vas 

j kept  at  a safe  distance  until  the  engine  was 

operating  stably,  whereupon  it  was  coved  to 
I the  6’  position.  Comparison  of  data  from 

Report  No.  163-K-L  of  Sept.  28,  1951  ind-lcates 
that  the  spectrum  may  he  expected  to  be  approx- 
imately 3 higher  at  the  3'  position, 

3,2,6,  Comparison  of  Noise  vc  , Size 

Koise  spectra  for  each  of  the  above 
engines  for  a typical  Kiedium  fuel  flow  rate 
are  combined  in  Figixre  8.  In  this  case  tho 
I spectrum  from  the  12,5"  engine  is  increased 

I hy  3 db  for  uroper  coir.parlscn;  also  the  spccucirm 

I for  a 9. '4”  ongixie  is  Included,  data  being  drawn 

from  Report  No.  I63-X-I.  This  data  very  clearly 
I iniicates  that  there  is  no  sui»x?tance  to  r.he 


ill  iiii  igriiaiinTitiiiiiniiiMiiTr  p > ?. 


t>!.esls  that  noise  ontpxit  :1s  proportional  to 
powci'  input.  This  finding  suggests  that  one 
should  set.'^ch  olsevhare  for  the  coritrolling 
factor  :ln  noise  production. 

A possible  key  is  aasply  evident  in 
the  data  of  this  report.  For  example , if  we 
ccropare  a low  value  of  fuel  flow  for  a 12“ 
erigine  froifi  Figure  7 with  a high  value  of 
fuel  flow  for  a sraaller  6,7^“  er?j?ino,  for 
ejcasjplo  Figure  h,  vc  find  that  tne  srealier 
engine  produces  a auch  greater  high  frequency 
noic©  speotriHE,  Since  the  rats  cf  flow  of 
esdiaust  gases  is  probably  about  tha  sama  but 
occurs  over  a saueh  larger  section  area  in  the 
case  of  the  larger  engine,  it  must  b©  that  the 
actual  e.-iViaust  v^ilocity  is  smaller  for  the 
.larger  engine,  (It  is  & shame  that  w«  do  not 
have  a quantitative  meesureraent  of  exhaust 
velocity  to  confirm  these  deductions.)  It  Is 
therefore  suggested  by  the  data  of  this  report 
that  exhaust  velocity  is  perhaps  the  most 
controlling  factor  in  the  produet-loa  of  high 
frequency  noise  (which  controls  the  n'cdsance 
effects  of  nolso  and  its  influence  on  conmuni- 
cation) , 

??QISS  CONTROL  COUFIGIJRATIOtiS 

One  of  the  attempts  in  the  study  of 
noise  control  poss.1.bllitis3  is  represented  in 
Hgures  9 and  10,  which  show  a simple  acoustic 
filter  bxiilt  on  the  tailpipe  of  a S,??*  engine, 
This  filter  consists  sluiply  of  an  extra  cylind- 
rical shell  around  the  tailpipe.  The  cavity 
so  formed  is  conriected  with  the  tailpipe  thx'ough 
perforations.  Tbie  performance  of  this  device 
is  indicated  Ir.  Flgiire  11.  where  its  spectra 
is  compared  with  more  typical  6. 75”  engines. 

The  greatly  reduced  thrust  prodticed 
by  this  ongiri©  is  indicative  of  lower  average 
exhaust  vslocity  since  the  effect  of  an  acousti- 
cal filter  is  to  convert  a pulsating  flow  of 
gas  into  a steady  flow.  Unfortunately,  this 
Lhud  of  noise  reduction  is  hardly  tolerable, 
which  emphasizes  the  point  that  we  are  o'bligea 
to  find  methods  of  noise  control  which  will'^not 


destroy  the  thrust-producing  mec.hani  sn;  of 
the  Pulse- Jet  engine.  The  above  result 
confirms  some  of  our  earlier  approach.  It 
appears  th.at-  a proper  method  must  retain  the 
pulsating  output  flow  from  the  tailpipe  and 
surround  this  outflow,  for  noiss  reduction, 
at  & sufficient  distance  to  avoid  rearward 
raacticn.  forces  on  the  encloslns*  shroud. 

In  this  same  figure  the  comparison 
between  two  different  tai  Ipipjc  lengths  is  also 
most  apparent.  It  is  interesti’ag  to  note  i.a 
tills  comparison  that  the  engine  with  the 
greater  thrust  produces  the  lower  noise  level. 
The  possible  explanation  which  will  bear  further 
study  is  as  foliovs:  the  longer  angina  which 
encloses  a larger  mass  of  gases  in  the  tail- 
pipe probahly  produces  its  thrust  by  accelerat- 
ing a larger  mass  of  gas  to  a lower  value  of 
exhaust  velocity. 

3,3.2  Twin  6,75^*  Engines  in  Parallel  Conflgura- 

tioQ 


'i 


The  following  data  continues  tests 
of  this  configuration,  to  which  consiuerable 
study  has  already  been  devoted.  Figure  12 
shows  this  conf leuratioo  mounted  on  a test 
stand.  The  present  tescs  were  intended  co 
study  the  effectiveness  of  a shroud  having  an 
acoustically  absorbent  lining,  which  is  shown 
In  Fig'oi'e  13,  Figures  14  and  15  show  the 
enshrouded  engine  configuration  mounted  on 
the  test  stand.  The  lining  of  the  shroud 
consists  of  Refrasil  wool  (High  temperature 
Fi berg las)  which  is  held  in  place  by  a layer 
of  Kefrasil  cloth  and  a perforated  Inconel-X 
screen.  It, was  not  expected  that  this  parti- 
cular sample  would  be  the  last  word  in  durabil- 
ity, not  to  mention  psri*ormance . However,  the 
Refrasil  liner  did  stay  in  place  long  enough 
to  permit  the  recording  of  noise  samples. 

The  results  are  shown  Ixi  ligure  16,  which  shows 
the  spectrum  for  the  twin  engines  without 
shroxid , for  compart  s-.^n  with  the  spectrum  I 

produced  by  the  engines  in  the  treated  sh.rcud.  i 
The  present  tests  confirm  earlier  experience  1 

with  an  xintre^tud  shroud,  namely  that  the  | 


benefit  furnished  by  the  paj.rnu:;  of  engines  In 
the  reduction  of  low  frequency  noise  is  to  u 
large  extent  forfei ted  by  the  use  of  a shroud. 
However,  the  yreseat  tests  also  .Indicate 
useful  reduction  in  high  frequency  spectrum, 
which  has  not  been  hitherto  achieved.  It  is 
not  at  present  knovi:  why  the  use  of  a snroud 
restores  the  low  frequency  noise.  Perhaps  the 
length  of  the  shroud  Vias  been  anfcrtunately 
chosen  so  that  the  resonant  frequencies  charact- 
erised by  this  len/.'th  are  excited  by  the  engine. 
Since  temperature  conditions  within  thd.5  shroud 
are  hardly  predictihle,  it  is  difficult  to  choose 
an  appropriate  length  except  on  an  empirical 
basis.  However,  if  future  work  succeeds  in 
achileving  a combination  cjf  tVie  low  frequency  noise 
reduction  resulting  from  pairing,  to^'ether  with 
the  high  frequency  rediictlon  produced  by  a small 
treated  shroud,  we  siiail  have  achieved  useful 
progress  In  noise  controlr. 


Figures  1?  and  18  show  the  Biounting 
on  the  test  stand  of  the  twin  opposed  configtira- 
tlon  which  has  been  tested  previously.  The 
present  tests  were  intended  to  measure  the 
perforaance  of  this  configuration,  uslxig  an 
acoustical  liner  for  the  com\on  shroud,  which 
diverts  gasos  from  the  tailpipes.  Figure  19 
shows  tnC'  resui-t,  wuiCh  waa  simply  to  strew  tno 
lining  material  over  the  neighborhood.  The 
material  did  not  stay  In  place  long  enough  to 
measure  its  effectiveness.  It  had  been  planned 
to  test  this  material,  using  small  metal  deflectors, 
to  protect  the  material  from  direct  impingement, 
but  these  were  not  installed  with  the  Intention 
of  determining  the  durability  of  the  material. 

As  a result  the  only  noise  records  YY-ich  are  of 
value  are  shown  in  Figure  20,  which  is  for  the 
engine  with  common  cowl  but  without  lin^r. 


3Mg-g^gndiJlK,  lrogi...Tal  Ipipie 


Rectangular  ;rxtGns5ons  were  v.^cldod  to 
the  tailpipe,  as  shown  ir,.  ''’lyurs  21,  This  experi- 
ment was  .an  attempt  to  test  the  method  proposed 
by  the  Briti.sh,  of  serrating  the  tailpipe  of  a 
Jet  engine » We  do  not  kijov  what  theoretical 
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A,  Noise  spectra  have  been  r.easv’Tfjd  fox  engines  ranging 
in  size  from  5*'  diameter  to  12. 5*  diameter.  It 
is  found  that  size  alone  is  not  the  controlling 
factor  in  noJ ss  output. 

E,  Each  engine  has  been  studied  for  the  Influence  of 
rate  of  fuel  flow  on  noise  output.  It  is  found 
that  for  very  low  rates  of  fueD.  flow,  the  high 
frequency  portion  of  the  spectriim  is  comparatively 
rsdi.icsd, 

C«  Operating  frequonc;/  has  also  been  stvidied  as  a 

function  of  rate  of  fxtel  flow.  It  is  found  .that 
in  general  the  fu.ndamenta?i.  frequency  dacrea^s  as' 
the  fuel  flow  is  increased. 


D.  The  influence  of  tube  geometry  is  Indicated  by  the 

fact  that,  for  a given  rate  of  fuel  flow  and  chaciber 
diameter,  the  high  frequency  noise  is  decreased  and 
the  thrust  is  increased  if  a longer  tailpipe  with 
larger  diameter  is  used. 


E,  There  is  a strong  indication  that  a primary  factor 

in  do  ter  mining  high  froq'vioncy  ncico  spectrxim  is  the 
exit  velocity  oi  the  gases. 
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configuration,  it  is  found  that  an  acoustically 
treated  cowl  surrounding  the  tailpipes  produces  a 
useful  amount  of  high  frequency  noise:  reduction. 
Unfort oiialely,  the  advantage  of  low  frequency  noise 
cancellation  is  largely  lost  in  the  present  configu- 
ration, The  effect  on  thrust  is  not  indicated 
because  the  cowl  was  hand-held. 


G,  The  noise  reduction  for  the  twin  engine  opposed 

configuration  with  an  acoxistloally-lined  tailpipe 
duct  could  not  be  evajuated  becaiise  the  lii^rig 
Material  was  blown  out  iuniiediately  upon  starting. 

H,  A built-in  acoustical  filter  reduced  the  high 

frequency  noise  with  severe  loss  of  thrust, 

I,  Two  types  of  serrated  edges  at  the  tailpipe  exliause 

proved  i ne  f f c ti  ve . 
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NOTICE:  WHEN  OH  OTHEH  SPECIFICATIONS  OH  OTHER  DATA 

FOE  PTJRPOeF  <WKER  THAN  CONNECTION  WTIR  A DSFINTTELY  RELATED 
GOVERNMENT  PEOCUEEMENX  OPERATIO?-:,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NC«  ANY  OBLIGATION  m^ATSOEVEH;  THE  FACT  TEAT  THE 
GOVEFLe»!EI-rr  MAY  HaVL  FORMITLATSD,  m Mn  WAY  SUPPLIFID  THE 

SAID  DiiAWlKGS,  S.PECIFi.LATICfNS.  OE  OTHEE  DATA  2^.  TO  BE  REGAHOSD  BY 
IMPLICATION  OE  GT'HEEnIBE  AS  IK  Air/  MANNER  UCEKSmeS  THE  HOLDER  OR  ANY  OTKEH 
PERSON  OH  CCHPORAHON,  OE  COLi^E’YjlNG  ElOSiTS  10  i'lANIJFACl'VIE" 

USE  OR  SELL  ANY  PATENTED  INVEKTTOH  m AMt  WM  BE  RELATED  THER^-,"a 
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